, and the construction and mechanisms of pH electrodes is also well understood [3] . Unfortunately, there is a tendency for pH measurement to be regarded as 'trivial', and the work is often entrusted to non-analysts or poorly trained personnel [4] . This is not satisfactory, since the correct measurement involves many steps which must be carried out methodically and in sequence to achieve an accurate and reproducible pH measurement [5] . These steps include topping up the electrode filling solution, changing the buffer solutions, calibrating the electrode regularly, cleaning the electrode properly between solutions, taking temperature effects into account [6] , and applying personal judgement as to the attainment of a stable reading. Inattention to one or more of these steps leads to errors in measurement, which often shows up as inter-operator or inter-laboratory inconsistencies.
In view of the importance of pH measurement in industrial quality control applications, the authors developed an automated system for pH measurement that incorporates a temperature probe and stirrer alongside the electrode in a specially designed electrode holder. This automated approach reduces the errors associated with manual measurement, and provides traceability for good laboratory practice (GLP). Unlike other systems, which have been based on commercially available laboratory robots [7, 8] , this is an integrated system, dedicated to pH measurement.
The system uses the operational pH scale and the conventional method of pH calibration with two or three buffer solutions. Two vials of each bufffer are used. The first vial is used for washing the electrode, and the second is used for calibrating. This procedure minimizes carryover of wash water into the calibration buffers [9] . The readings are taken automatically after a user-set time or when user-programmed stability criteria The antiseptic mouthwash had a thin consistency and tended to foam when stirred vigorously. Therefore a slow stirrer speed was selected. The sample was stirred for 2 s, after which stirring was turned off and the reading taken after stability had been reached. After measurement the electrode waited above the sample for 2 to allow drips to fall and was then washed in each wash beaker for 5 s. The special wash beaker was not used. A fresh mouthwash sample was taken each morning and it was kept covered during the day to avoid evaporation. When a viscous sample consistency is chosen in the method, the stirrer is automatically set to a slow speed. This is the case with the anti-dandruff shampoo sample. The electrode was slowly moved up and down twice when it first entered the sample to ensure that it was properly covered by the sample. The sample was then stirred for 5 s, after which stirring was turned off and the reading taken after stability was reached. After each measurement the electrode waited above the sample for 35s (the drip drop time) to allow drips to fall before being washed in the special wash beaker containing 5% of non-ionic detergent for 15 s. It was then washed in the two wash water beakers for 15 s.
Tomato ketchup was also a viscous liquid, so a similar method to shampoo was used. However, the sample drip drop time was reduced to 5 as ketchup tends not to drip.
After each measurement the electrode was washed in the special wash beaker containing 5% of non-ionic detergent for 25 s, then in the two wash water beakers for 10 s.
The water-based automotive paint had a thin consistency, but contained fine particulate material. A normal stirrer speed was selected, but this caused the paint to froth, so the method was modified to use a slow speed. The sample was stirred for 5 s, after which stirring was turned off and the reading taken after stability was reached. The sample drip drop time was set at 5s. 
Temperature effects
In all mV graphs a dependence on temperature can also be observed. Figure 4 shows the hourly mV and temperature readings in the pH 7 6.192 . Tables 5 and 6 show the calibration data for the automated pH system and manual laboratory pH meter. The automated pH system provides two slopes for each calibration, while the manual meter only gives one. Table 7 compares the volumes of buffers used throughout the study. Although small beakers were selected for use with the manual pH meter, it was still necessary to use 50 ml of each buffer to ensure that the electrode junction was properly covered. While 40ml of each buffer is needed initially to set up the automated pH system, only the 20ml of each buffer used for the calibration need to be changed each day, as the previous day's calibration buffers can then be used for the pre-calibration wash procedure. On the second day of the study, one of the beakers being used with the manual pH meter was accidentally knocked over and had to be refilled with fresh buffer. This is unlikely to happen with the automated pH system, because the buffer vials and wash beakers are held firmly in place within the instrument. 18/2/97 50 ml 50 ml 50 ml 20 ml 20 ml 20 ml 19/2/97 100 ml* 50 ml 50 ml 20 ml 20 ml 20 ml 20/2/97 50 ml 50 ml 50 ml 20 ml 20 ml 20 ml 21/2/97 50ml 50ml 50ml 20ml 20ml 20ml
Total 250ml 200ml 200ml 80ml 80ml 80ml * Beaker knocked over. 
